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Variable Clamp Equalization Method and Apparatus 



Field of the Invention 

The present invention relates generally to optical fiber network 
performance, and more particularly to a variable clamp equalization method 
and apparatus. 



10 Background of the Invention 



Today's optical fiber networks carry many channels over long 
distances. When a signal is transmitted via an optical fiber, the signal's power 
level degrades the longer the transmission distance becomes, as the incident 

15 photons interact with glass fiber molecules and/or with photons from adjacent 
wavelengths. Power level degradation is a significant challenge in maintaining 
optical fiber networks; manifesting as phenomena such as chromatic 
dispersion, self-phase modulation, four wave mixing, cross-phase modulation, 
stimulated brilloin scattering, stimulated raman scattering, and polarization 

20 mode distortion. 



H To compensate for power level degradation, nodes having light 

p amplifiers are provided at predetermined intervals to amplify the signal before 

transmitting it on to the next fiber span. Existing methods of power level 
25 adjustment, or "equalization" as it is referred to in Dense Wave Division 

Multiplexing (DWDM) systems, involve a process whereby channels are 

individually adjusted using non-real time algorithms to optimize overall system 

performance. 



30 Measured values for variables such as current channel input power, 

amplifier noise level, current transmission setting, optical signal to noise ratio 
(OSNR), and the like are input into an equalization algorithm. The output 
provides a resultant recommended equalization factor, or transmission power 



adjustment value. 



The recommended transmission power adjustment value is typically 
capped by what is known in the industry as a "clamp". Existing clamps are 
fixed values that limit the maximum power adjustment on any given iteration 
of the algorithm. A large clamp will result in a fast, sub-optimal convergence, 
and a small clamp will result in a slow, optimal convergence, so that using a 
fast convergence of the equalization algorithm is typically at the expense of 
optimality, while optimal convergence of the algorithm is typically at the 
expense of speed. 

The problem is that existing clamping methods are a compromise 
between optimality and speed. What is needed is a way to divorce these two 
conflicting objectives so that equalization can be performed with both 
optimality and speed. 

For the foregoing reasons, there is a need for an improved method of 
equalization. 

Summary of the Invention 

The present invention is directed to a variable clamp equalization 
method and apparatus. In accordance with the present invention, there is 
provided a variable clamp equalization method including the steps of (i) 
measuring optical signal to noise ratio (OSNR) values for each wavelength, 
(ii) computing an OSNR range value of the measured OSNR values, (iii) 
computing an OSNR average value of the measured OSNR values, (iv) 
computing a raw power adjustment value for each wavelength by subtracting 
each wavelength's measured OSNR value from the computed OSNR average 
value, and (v) computing a raw power adjustment correction factor for each 
computed raw power adjustment value based on the computed OSNR range 
value in accordance with a pre-defined variable clamp value schedule, 
wherein a larger clamp is scheduled for use when the computed OSNR range 



value is larger, and a smaller clamp is scheduled for use when the computed 
OSNR range value is smaller. 

The method further includes the steps of (vi) determining a clamped 
power adjustment value for each wavelength by multiplying each computed 
raw power adjustment value by the computed raw power adjustment 
correction factor, (vii) applying the corresponding determined clamped power 
adjustment value to each wavelength, and (viii) iterating steps (i) through (vii) 
until the computed OSNR range value is within pre-defined boundaries, 
whereby the signal is considered equalized. 

In an aspect of the present invention, the raw power adjustment 
correction factor is computed by determining the largest magnitude computed 
raw power adjustment value, and dividing the scheduled clamp value by the 
determined largest magnitude computed raw power adjustment value. 

The invention incorporates the use of large adjustments at the start of 
equalization, tapering off to fine adjustments in finishing equalization, thereby 
providing both fast and precise equalization. 

Other aspects and features of the present invention will become 
apparent to those ordinarily skilled in the art upon review of the following 
description of specific embodiments of the invention in conjunction with the 
accompanying figures. 

Brief Description of the Drawings 

These and other features, aspects, and advantages of the present 
invention will become better understood with regard to the following 
description, and accompanying drawings where: 

Figure 1 is an overview of a variable clamp equalization method 

according to an embodiment of the present invention; 

Figure 2 shows an embodiment of the present invention for computing 



a raw power adjustment correction factor; 

Figure 3 is a graph of received wavelengths for a 600 km optical 
system before equalization; 

Figure 4 is a graph of received wavelengths for a 600 km optical 
system after equalization; and 

Figure 5 is a flowchart of a variable clamp equalization method 
according to the present invention. 

Detailed Description of the Presently Preferred Embodiment 

The presently preferred embodiment of the invention is directed to a 
variable clamp equalization method and apparatus. As shown in Figure 1, the 
method includes the steps of measuring optical signal to noise ratio (OSNR) 
values for each wavelength 10, computing an OSNR range value of the 
measured OSNR values 12, computing an OSNR average value of the 
measured OSNR values 14, computing a raw power adjustment value for 
each wavelength by subtracting each wavelength's measured OSNR value 
from the computed OSNR average value 16, and computing a raw power 
adjustment correction factor for each computed raw power adjustment value 
based on the computed OSNR range value in accordance with a pre-defined 
variable clamp value schedule, wherein a larger clamp is scheduled for use 
when the computed OSNR range value is larger, and a smaller clamp is 
scheduled for use when the computed OSNR range value is smaller 18. 

The method further includes the steps of determining a clamped power 
adjustment value for each wavelength by multiplying each computed raw 
power adjustment value by the computed raw power adjustment correction 
factor 20, applying the corresponding determined clamped power adjustment 
value to each wavelength 22, and iterating steps 10 through 22 until the 
computed OSNR range value is within pre-defined boundaries, whereby the 
signal is considered equalized 24. 

As shown in Figure 2, in an embodiment of the present invention, the 
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raw power adjustment correction factor is computed 18 by determining the 
largest magnitude computed raw power adjustment value 26, and dividing the 
scheduled clamp value by the determined largest magnitude computed raw 
power adjustment value 28. 

5 

Equalizing a set of wavelengths is the process of making the optical 
signal to noise ratio (OSNR) of ail wavelengths as even as possible. One 
criterion for use in determining how well equalized a system is, is to select the 
wavelengths with the highest and the lowest OSNR's, and compute the OSNR 
10 range. The smaller the range, the more equalized the signal. An example of a 
DWDM signal before and after equalization is shown in Figures 3 and 4. 

While adjusting power levels for each wavelength within a DWDM 
signal, prior art clamping methods maintain power level adjustments within 
15 pre-defined fixed boundaries to equalize the system in a measured manner. 
The invention further measures the severity of OSNR levels to provide 
variable clamping tailored to the measured OSNR severity levels. 

For example, as shown in Table A, in a system having five transmitters 
20 and five receivers, the signal may require three iterations to equalize. The first 
iteration uses a clamp of 4 dB, the second a clamp of 3 dB, and the third a 
clamp of 2 dB. In this example, assuming the second iteration is about to be 
applied with a clamp of 3 dB, a set of current transmitter powers is shown, 
with corresponding measured OSNR levels after 600 km of fiber. 

25 



TABLE A: 



Wavelength 


1 


2 


3 


4 


5 


Power (dBm) 


1 


0.5 


2 


-3 


-2 


OSNR (dB) 


20 


23 


17 


21 


25 



The OSNR average value is computed to be 21.2 dB. Raw power 
adjustment values, computed by subtracting measured OSNR values from the 
30 computed OSNR average value, are shown in Table B. 



TABLE B: 



Wavelength 


1 


2 


3 


4 


5 


Raw Power Adjustments (dB) 


+1.2 


-1.8 


+4.2 


+0.2 


-3.8 



With the scheduled clamp boundaries of +3.0 and -3.0 for this iteration, 
it can be seen that wavelengths 3 and 5 require clamping. Therefore, all 
computed raw power adjustment values have a computed raw power 
adjustment correction factor applied to bring wavelengths 3 and 5 within the 
scheduled clamp boundaries. The correction factor is computed by first 
determining the largest raw power adjustment magnitude. In this example, the 
magnitude of +4.2 is larger than the magnitude of -3.8, so that the correction 
factor applied to all wavelengths is the clamp value magnitude divided by the 
determined largest raw power adjustment magnitude, or 3 divided by 4.2, 
which equals 0.71. Therefore, a correction factor of 0.71 is applied to each 
raw power adjustment value, as shown in Table C. 



TABLE C: 



Wavelength 


1 


2 


3 


4 




Raw Power Adjustments (dB) 


+1.2 


-1.8 


+4.2 


+0.2 


-3.8 


Clamped Power 
Adjustments (dB) 


+0.85 


-1.27 


+2.98 


+0.14 


-2.70 



It can be observed that all adjustments are now "clamped" within -3 
and +3 dB. These clamped power adjustments are then applied to the 
transmitters by being added to their current power level, as shown in Table D. 
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TABLE D: 



Wavelength 


1 


2 


3 


4 


5 


Power (dBm) 
Before iteration 2 


1 


0.5 


2 


-3 


-2 


j Clamped 
Power Adjustments 
(dB) 


+0.85 


-1.27 


+2.98 


+0.14 


-2.70 


Power After applying 
the adjustments of 
iteration 2 (dBm) 


1.85 


-0.77 


4.98 


-2.86 


-4.70 



The system has now been brought closer to an equalized state as the 
OSNR levels approach one another. In the above example, OSNR levels are 
5 then re-measured, and a further iteration is applied using a clamp value of 2 
dB. If necessary, additional iterations are applied until all wavelength OSNR 
levels are within pre-defined boundaries. 

The application of these transmitter adjustments will have a direct 
10 impact on the received OSNR levels for each wavelength after 600 km, 
changing the interaction between the wavelengths and the relative level of 
energy between them, in addition to affecting the way amplifiers distribute 
their pump power between wavelengths. 

15 By incorporating the use of large adjustments at the start of 

equalization, tapering off to fine adjustments in finishing equalization, the 
invention provides both fast and precise equalization. 

Although the present invention has been described in considerable 
20 detail with reference to certain preferred embodiments thereof, other versions 
are possible. Therefore, the spirit and scope of the appended claims should 
not be limited to the description of the preferred embodiments contained 
herein. 



